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INTEtODUCTION
I t  i s  w e ll known th a t  one o f th e  common e f f e c t s  o f  v i r a l  in f e c t ­
io n  on p la n ts  i s  a  s u b s ta n t ia l  re d u c tio n  in  s ta tu r e  (Bawden,1956.) * 
This s tu n tin g  has been re v e rse d  by tre a tm e n t v iith  g ib b e r e l l ic  a c id  
(GA) in  s e v e ra l  In stan ces*  Maramorosch (1957) dem onstrated t h i s  u s­
in g  corn s tu n t ,  a s t e r  y e llo w s, and wound tumor v iru se s*  C hessin (l957) 
rev ersed  th e  s tu n tin g  o f  Severe E tch  V irus (SEV) d ise a se d  p la n ts  w ith  
GA b u t found th a t  th e  f i n a l  h e ig h t o f  th e  t r e a te d  p la n ts  d id  n o t 
equal t h a t  o f th e  co n tro ls*  In  th e s e  cases o th e r  v i r a l  symptoms were 
n o t reversed*  The above s tu d ie s  used ovei>-all p la n t h e ig h t a s  th e  
c r i t e r io n  fo r  th e  e f fe c t iv e n e s s  of trea tm en t*
Bonnand*s s tu d y  (1956) o f  N ico tian a  tabacum L* cv* White B urley  
showed t h a t  t h i s  p la n t  i s  norm ally  r o s e t te d  th ro u g h  l e a f  s tag e  1 5 ,  
w ith  stem  e lo n g a tio n  o ccu rrin g  a t  l e a f  s tag e  18-20, and flo w erin g  a t  
l e a f  s ta g e  30-33* In fe c t io n  w ith  SEV m a in ta in s  th e  r o s e t t e  co n d itio n  
and reduces th e  l e a f  a r e a ,  w ith o u t any e f f e c t  on r a t e  o f l e a f  produc­
t io n  (Bawden and K assan is , 19A1)*
The o b je c t o f  t h i s  s tu d y  was to  determ ine th e  m orphological 
changes induced in  W hite B urley  Tobacco by SEV and th e  e f f e c t  o f  
tre a tm e n t w ith  GA* P la n t h e ig h t , r a t e  of l e a f  p ro d u c tio n , in te m o d e  
e lo n g a tio n , and changes in  l e a f  s iz e  and shape were used a s  a ssay  
system s f o r  th e  changes stud ied*
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MATERIALS AND METHODS
Seeds o f White B urley  Tobacco were germ inated in  s t e r i l i z e d  
q u a r tz  sand, w atered  w ith  i —s tre n g th  Hoagland*s s o lu t io n , and pro­
v ided  w ith  continuous incandescen t i l lu m in a tio n  d u rin g  th e  course 
o f  germ ination# The young se e d lin g s  were su b seq u en tly  t r a n s f e r r e d  
to  two and fo u r  in ch  p o ts  in  a  greenhouse and were t r e a te d  every  
two weeks w ith  50 cc f u l l - s t r e n g th  Hoagland*s so lu tio n *
Two experim en ta l ru n s  were conducted* In  each case about 65 
p la n ts  were d iv id ed  in to  fo u r  groups* The p la n ts  ranged in  l e a f  
s ta g e  from 11-13♦ L eaf number e ig h t was marked w ith  in d e l ib le  in k  
to  serve  as  a  m orphological re fe ren ce*  S ince t r a n s p la n t in g  d id  
sometimes obscure some of th e  e a r ly  le a v e s  and s in c e  co ty ledons 
m ight be m istaken f o r  le a v e s , i t  i s  p robab ly  more a c c u ra te  to  c a l l  
t h i s  l e a f  e ig h t p lu s or minus two* T h irty -tw o  p la n ts  were th e n  
in o c u la te d  on l e a f  Ô w ith  a  Rothamsted s t r a i n  o f SEV* D isease 
symptoms shoed up in  about a  week# T h irty -tw o  c o n tro ls  were sim i­
l a r l y  in o c u la ted  w ith  w ater# A fte r  two weeks one group o f  con*" 
t r o i s  and one group o f  v i r u s - in fe c te d  p la n ts  were sprayed w ith  an 
aqueous s o lu tio n  o f  100 ppm GA* In  th e  f i r s t  run  th e  e n t i r e  p la n t 
was sprayed to  r u n -o f f  and in  th e  second experim ent on ly  th e  grow­
ing  p o in t and su rround ing  le a v e s  were sprayed# When th e  growing 
p o in t became a  flow er bud, a  l e a f  a p p ro x in a te ly  10 cm in  le n g th  
was sprayed in  l i e u  o f  th e  a p ic a l  reg ion* A fte r  th e  p la n ts  s to p ­
ped growing in  h e ig h t sp ray in g  was d iscon tinued#  The f i r s t  run  
was conducted from  F ebruary , I960 to  May, I960 and th e  second 
from  J u ly , i 960 t o  Jan u ary , 1961# No d if fe re n c e  in  s e v e r i ty  o f
—2—
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in f e c t io n  was n o ted  between th e  two runs* However, in  n e i th e r  case 
were symptoms a s  severe  a s  th o se  d esc rib ed  by o th e r  workers (Bawden 
and K assan is , 1941* C hessin , 1957)*
A ll measurements were made w ith  a  r u le r  to  th e  n e a re s t  m i l l i ­
meter* Measurements o f p la n t  h e ig h t were made from th e  s o i l  le v e l  
to  th e  t i p  of th e  youngest v i s ib le  l e a f ,  ex cep t when flow ering  had 
occurred* The measurements were th e n  made t o  th e  t i p  of th e  high­
e s t  f lo w er bud* A fte r  th e  p e ta ls  dropped th e  t i p  o f  th e  h ig h es t 
seed cap su le  was used as  c r i te r io n *  L eaf s tag e  was determ ined by 
counting  from th e  marked l e a f  number e ig h t t o  th e  sm a lle s t l e a f  
which cou ld  be seen by g e n tly  p ry in g  a p a r t  th e  te rm in a l bud w ith  a 
p en c il*  T his l e a f  was app rox im ate ly  *25 mm long* When l e a f  e ig h t 
d ied  an o ld e r  l e a f  was s im ila r ly  marked* In te rn o d e  measurements 
were made from th e  base o f  one p e t io le  to  th e  base o f  th e  n ex t 
p e tio le *  In te rn o d es  l e s s  th an  f iv e  mm long were approxim ated s in ce  
a  r u l e r  could  not be p laced  n ex t to  th e  stem due to  th e  c lo sen ess  
o f th e  nodes*
In  Run I  th e  le n g th  and w idth  o f th e  f o u r th ,  f i f t h ,  s ix th ,  
sev en th , and sometimes e ig h th  youngest v i s ib le  le a v e s  (coun ting  
down from th e  stem  t i p )  were p e r io d ic a l ly  measured* In  t h i s  case 
a  changing p o p u la tio n  was used to  a ssay  f o r  e a r ly  e f f e c t s  due to  
trea tm en t*  In  Run I I ,  however, con tinued  e f f e c t  on th e  same 
organ was stud ied*  T h ere fo re , m easurements o f th e  le n g th  and w id th  
o f  th e  same le a v e s  were made* Three le a v e s  were s e le c te d  f o r  
every  p la n ts  one l e a f  which was p re s e n t p r io r  t o  t r e a tm e n t , one 
vdiich was a  young primordium or l e a f  presum ptive a s  tre a tm e n t was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
begun^ and a  t h i r d  which was d e f in i t e ly  i n i t i a t e d  some tim e a f t e r  
th e  s t a r t  o f tre a tm en t w ith  GA. For each o f  th e  fo u r  groups o f 
p la n ts  ( c o n tr o ls ,  d ise a se d , sp ray ed , and unsprayed) bo th  le n g th  
and width o f  th e  l e a f  were averaged and p lo t te d  a g a in s t  tim e . 
Approxim ately seven le av es  in te rv e n ed  between any two le av es  assay ­
ed . Measurements were tak en  w eekly o r  f o r tn ig h t ly .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
OBSERVATIONS AND DISCUSSION
f juauu ii«gxKiit« Growth in  p la n t h e ig h t dn rin g  Runs I  and I I  a re  
shown in  f ig s#  1 and 2 , Each p o in t re p re se n ts  a  minimum of 12 p lan ts#  
In  Run I  a  d if fe re n c e  in  h e ig h t between th e  v i ru s - in fe c te d  p la n ts  and 
th e  co n tro ls  could  be seen w ith in  th e  f i r s t  two weeks, w hile in  th e  
second run  t h i s  d id  no t occur u n t i l  s ix  weeks a f t e r  in o c u la tio n #  The 
p la n ts  sprayed w ith  GA showed a h e i ^ t  response w ith in  a  week in  b o th  
runs# In fe c t io n  w ith  v iru s  l im ite d  th e  a b i l i t y  of the p la n t t o  respond 
to  GA# Thus in  Run I  a  d if fe re n c e  in  h e ig h t between sprayed in fe c te d  
and sprayed d ise a se —fre e  p la n ts  cou ld  be seen a t  two weeks a f t e r  sp ray s  
in g , and in  Run I I  a s  e a r ly  a s  one week a f t e r  trea tm en t#  In  th e  case 
o f  R%m I I  th e  d if fe re n c e  in  s ta tu r e  between th e  h e a lth y  and d ise ase d  
p la n ts  was seen some f iv e  weeks e a r l i e r  in  th e  sprayed groups th an  in  
th e  unsprayed groups# Spraying of th e  e n t i r e  p la n t  produced such 
ra p id  shoot growth th a t  th e  ro o t system s which a re  norm ally  reduced by 
trea tm en t w ith  GA (Stowe and Yamaki, 1957) a p p a re n tly  could n o t support 
th e  p la n ts  and th e y  shewed sev ere  w il t in g  a f t e r  the  f i r s t  month# These 
p la n ts  reached  a  h e ig h t in  th r e e  weeks n o t a t ta in e d  by th e  p la n ts  o f 
th e  second run u n t i l  a f t e r  fo u r  and o n e -h a lf  weeks o f trea tm en t#  The 
curves o b ta in ed  in  Run I I  show th e  ty p ic a l  "S” shape# Both GA-sprayed 
groups ceased  o v e r - a l l  stem e lo n g a tio n  a t  approx im ately  th e  same tim e 
as  th e  unsprayed c o n tro ls  w ith  growth o f  the v i r u s - in f e c te d  p la n ts  
le v e l in g  o f f  over a  month la te r#  The f i n a l  d if fe re n c e  in  h e ig h t be­
tween th e  sprayed  v i r u s - in f e c te d  p la n ts  and th e  sprayed c o n tro ls  was 
alm ost 300 mm (17$)# T his ag ree s  w ith  C hessin  (1957) who s ta te d  th a t  
sp ray in g  w ith  GA d id  n o t com plete ly  overcome th e  s tu n tin g  induced by 
th e  v iru s#  S ince sp ray in g  o f  t h e  e n t i r e  p la n t  d id  no t overcome t h i s
“  5 -
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d if f e re n c e ,  i t  appears t h a t  e i th e r  an in te rm e d ia te  amotinb of sp ray  i s  
needed o r  th a t  th e  n ltim a te  d if fe re n c e  in  s iz e  i s  due to  something 
o th e r  th an  in s u f f ic ie n t  g ib b e re ll in *  I t  i s  of in t e r e s t  th a t  a lthough  
th e  G A -treated  p la n ts  reached m a tu r ity  e a r l i e r  th a n  th e  c o n tro ls  a s  
in d ic a te d  both  by p la n t  h e ig h t and flo w erin g  th e y  su rv iv ed  fc r  a  long­
e r  p e rio d  o f tim e . F ive months a f t e r  th e  s t a r t  o f  th e  experim ent only  
25% o f  th e  sprayed c o n tro ls  had d ie d , w hereas th e  m o r ta l i ty  o f  th e  un­
t r e a te d  c o n tro ls  was over 60%  ̂ To ngr knowledge t h i s  has no t been r e ­
p o rted  p re v io u s ly . None o f th e  v i r u s —in fe c te d  p la n ts  had d ied  a t  t h i s  
tim e . Longer su rv iv a l o f  th e  in fe c te d  p la n ts  would be expected  in  th e  
unsprayed group s in c e  m a tu ra tio n  was a l s o  d e la y e d , bu t th e  reaso n  f o r  
lo n g e v ity  in  th e  sprayed group is  obscu re .
R ates o f  l e a f  p ro d u c tio n  f o r  Runs I  and I I  a re  shown in  f i g s .3  
and 4 r e s p e c t iv e ly .  Each p o in t re p re se n ts  a  minimum o f 12 p la n ts .  3n 
b o th  runs th e  v i r u s - in f e c te d  p la n ts  and th e  co n tro ls  had produced 
approxim ately  th e  same number o f  le a v e s  a t  time o f  in o c u la t io n . Two 
weeks l a t e r  in c re ase d  r a te  o f  l e a f  fo rm ation  in  the v i r u s - in f e c te d  
p la n ts  had produced a t  l e a s t  one more l e a f  p e r p la n t th an  in  th e  d is ­
e a s e - f re e  to b acco . This d if fe re n c e  in  l e a f  number was m ain ta ined  in  
bo th  runs u n t i l  th e re  o ccu rred  an in c re a se  in  r a t e  o f l e a f  p roduction  
o f th e  h e a lth y  p la n ts  j u s t  p r io r  to  flow ering* The d a ta  p re se n ted  
here a re  c o n tra ry  t o  Bawden and K assanis* (1941) s ta tem en t th a t  th e re  
i s  no c hange in  r a t e  o f  l e a f  p ro d u c tio n  due t o  in f e c t io n  w ith  SEV.
No q u a n t i ta t iv e  d a ta  were su p p lied  by th e se  w o rkers .
F ig s . 3 and 4  show an in c re a s e  in  number o f le av es  produced by 
th e  p la n ts  t r e a te d  w ith  GA w ith in  one week a f t e r  t re a tm e n t. This
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Fig, 4* Rate of leaf production of N, tabacum L, cv. White Burley - Run II,
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in c re a s e  in  nmnber o f  le a v e s  o f  GA—tr e a te d  tobacco  has a ls o  been re ­
p o rted  by Xabuta e t  a l#  (1941). Between th r e e  and fo u r  weeks a f t e r  
sp ray ing  th e re  was a  sh arp  in c re a se  in  number o f  le av es  o f th e  
sprayed p la n t s .  T his i s  ty p ic a l  o f th e  s ta g e  j u s t  p r io r  to  f lo w er­
ing  (Bonnand, 1959). The p a t te r n  o f th e  curves a f t e r  t h i s  tim e i s  
someiidiat obscure# T his i s  because a t  t h i s  tim e th e  flow er buds a re  
being  i n i t i a t e d  and i t  i s  d i f f i c u l t  to  t e l l  .whether an  organ •25 mm 
long  i s  a  l e a f  o r  a  v e ry  young f l o r a l  bud. The f i n a l  p o in t in  th e  
curve i s ,  however, v ery  ac c u ra te  s in c e  th e  count fo r  i t  was made a f t e r  
th e  bud had opened and e longated  and i t  w as, th e re fo r e ,  v e ry  easy  to  
count th e  number o f le a v e s .  In  th e  sprayed v i r u s - in f e c te d  p la n ts  one 
o th e r  p o in t should  be n o te d . The e a r ly  in c re a se  in  number o f  le a v e s , 
s tim u la ted  by in f e c t io n  w ith  SEV, had been am p lified  by th e  tim e o f  
f i n a l  l e a f  count t o  a  d if fe re n c e  of 2 .6  more le a v e s . This may be p a r­
t i a l l y  due to  t h e  f a c t  t h a t  th e re  was a d e lay  o f  te n  days a s  compared 
to  th e  sprayed c o n tro ls  b e fo re  th e  sprayed v iru s - in fe c te d  p la n ts  
reached f lo w erin g .
I t  i s  of i n t e r e s t  th a t  th e r e  was no d if fe re n c e  between th e  t o t a l  
number o f le a v e s  produced by th e  sprayed and unsprayed c o n tro ls .  I t  
would se@m th a t  tre a tm e n t w ith  g ib b e re l l in  sim ply in c reased  th e  r a te  
o f  l e a f  p ro d u c tio n  and m a tu ra tio n  w ith o u t in c re a s in g  th e  u ltim a te  
number o f leaves#  This has been d e sc rib ed  p re v io u s ly  in  tom ato by 
Rappaport (1957) and Soost (1959). In  the case  o f  the v i r u s - in f e c t ­
ed p la n ts  th e  unsprayed group produced e ig h t  more le a v e s  th a n  th e  
unsprayed c o n tro ls#  This i s  p robab ly  because th e  v i r u s - in f e c te d  
p la n ts  which were n o t sprayed  were d e lay ed  in  f lo w erin g . When one
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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speaks o f  th e  reduced su rfa ce  a re a  o f  v i r u s - in f e c te d  p la n ts  (Bawden 
and K assan is , 1941) one should ta k e  in to  c o n s id e ra tio n  the f a c t  t h a t  
a  g r e a te r  number o f  le a v e s  i s  produced by th e  d ise a se d  p la n ts  vrfiich 
may compensate f o r  th e  sm a lle r  in d iv id u a l l e a f  a r e a .  Under severe  
in f e c t io n  which u n fo r tu n a te ly  I  was no t ab le  to  o b ta in , the d ise ase d  
p la n t t h e o r e t i c a l ly  could  produce m ai^ more le av e s  th a n  a h e a lth y  
p la n t .  A ctual measurements of t o t a l  l e a f  a re a  would have to  be made 
t o  a s c e r ta in  t h i s  p o in t .
The p a t te rn  of in te rn o d e  e lo n g a tio n  i s  shewn in  f i g s .  5 -8 .
Each tre a tm e n t invo lved  a  minimum of 12 p la n ts .  In tem o d e s  two 
through  s ix  had p robab ly  stopped growth by th e  tim e  th e s e  measure­
ments were begun. In tem o d e s  seven th rough  te n  were capable o f  l im i t ­
ed grow th. A ll th e se  in te m o d e s  were much s h o r te r  th an  in te m o d e s  11 
through 34 which show th e  e f f e c t  o f e lo n g a tio n  due to  flo w erin g .
From th e  h istogram  one can e s tim a te  t h a t  most in te m o d e s  ceased  g ro s­
s ly  m easureable growth in  a  p e rio d  of f iv e  weeks. The lo n g e s t i n t e r -  
nodes were 19 th rough  24 . This c o r r e la te s  w e ll w ith  th e  f a c t  t h a t  
e lo n g a tio n  beg ins in  l e a f  s ta g e  18-20 (Bonnand, 1956). S ince th e s e  
in te m o d e s  would be v e ry  young o r not even p re sen t a t  tim e o f  th e  re ­
le a se  o f th e  su b stan ces  which cause e lo n g a tio n , th e y  show th e  m ajor 
expansion . The o ld e r  ones were a b le  t o  respond on ly  to  a l im ite d  
d eg ree .
In fe c t io n  w ith  v ir u s  s h i f te d  t h i s  growth p a t te r n  upward on th e  
p la n t .  The lo n g e s t in te rn o d e s  were th e n  24-29 in d ic a t in g  th a t elonga­
t i o n  and flow ering  were delayed  in  th e  d ise a se d  p la n t s .  The lo n g e s t
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in te rn cx le , number 26, on th e  v i r u s - in f e c te d  p la n ts  was 25.6 mm as 
opposed to  37 .9  mm f o r  numbers 21 and 22 on th e  h e a lth y  p la n t .  This 
i s  a good in d ic a ticm  o f  th e  re d u c tio n  in  s iz e  (33$ in  th i s  com parison) 
o f  th e  in te rn o d e s  on th e  d ise a se d  p la n t .  In tem o d e  9 i s  p robably  th e  
f i r s t  in te m o d e  which showed th e  e f f e c t  of v iru s - in d u c e d  s tu n t in g .
Spraying  w ith  GA produced a d e f in i t e  response w ith  an in tem o d e  
as  o ld  a s  number Ô* The increm en ts in  le n g th  a t ta in e d  by subsequent 
in te m o d e s  in  th e  s h o r t  p e rio d  b e fo re  th e  p la n ts  d ied  were ex trem ely  
la rg e .  In  te rm s of p e rcen t in c re a se  th e  lo n g e s t in te m o d e  on th e  
sprayed v iru s - in fe c te d  p la n t  showed an in c re a se  o f  179$ over th e  long­
e s t  in te rn o d e  on th e  unsprayed d ise a se d  p la n ts .  The sprayed c o n tro ls  
showed an in c m a se  o f  171$ over th e  lo n g es t in te rn o d e s  on th e  unspray­
ed c o n tro ls .  However, th e  lo n g e s t in te m o d e  on th e  d ise ased  p la n ts  
was s t i l l  19 mm s h o r te r  th a n  th e  lo n g e s t on th e  sprayed c o n tro ls .  I t  
i s  o f  in t e r e s t  t h a t  th e  Icaigest in te m o d e s  on th e  sprayed c o n tro ls  
were 11 and 12, vrtiile th o se  on th e  sprayed  v iru s - in fe c te d  p la n ts  were 
13 and 14 . This e f f e c t  i s  p robab ly  due to  th e  f a c t  t h a t  the  v i r u s - in ­
fe c te d  p la n ts  produced more in te m o d e s  th a n  th e  c o n tro ls  and th e re fo re  
th o se  in te m o d e s  responded m axim ally to  GA which were a t  th e  same 
" r ip e ” s tag e  of development#
Changes in  l e a f  s iz e  and shape. As s ta te d  under m a te r ia ls  and 
methods two d i f f e r e n t  approaches were used in  th e  s tu d y  of l e a f  growth# 
The r e la t io n  o f le n g th  t o  w id th  o f young le a v e s  in  u n tre a te d  p la n ts  i s  
shown in  th e  re g re s s io n  o f f ig #  9# The d a ta  were ob ta ined  by measure­
ments on a l l  p la n ts  a t  th e  b eg in n in g  o f  th e  experim en t. As could be 
expected th e re  i s  a  good c o r r e la t io n  between th e  le n g th  and w idth of
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Fig* 9* Correlation of lamina dimensions of four successive leaves of N, tabacum L* cv.
White Burley,
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th e  leaves#  Furtherm ore, i t  a r r e a r s  th a t  in  t h i s  case the  fo u r th  to  
seven th  youngest le a v e s  were co n secu tiv e  s ta g e s  o f an o v e r - a l l  p a t te rn  
su g g es tin g  th a t  th e s e  le av e s  re p re se n t th e  o n to g en e tic  p a t te rn  of a 
s in g le  le a f#  One week l a t e r  th e  c o n tro ls  and v iru s - in fe c te d  p la n ts  were 
p lo t te d  s e p a ra te ly  ( f ig s #  10 and 11 , re s p e c tiv e ly )#  There seems to  be 
a  s l i g h t  su g g estio n  o f  c u r v i l in e a r i ty  to  th e  reg re ss io n s#  In  o rd e r to  
see whether t h i s  change in  p a t te r n  was r e a l ,  th e  d a ta  were sep a ra ted  
accord ing  t o  l e a f  number and f o r  each l e a f  number th e  te n  sm a lle s t and 
te n  l a r g e s t  le a v e s  were averaged# The re v is e d  graphs a re  shown in  fig#  
12# S ev era l p o in ts  become ev id en t when th e  d a ta  a re  p lo t te d  in  t h i s  
manner. A ll le a v e s  on th e  v i ru s - in fe c te d  p la n ts  w ith  th e  ex cep tio n  of 
th e  seven th  youngest v i s ib le  le a f ,  which presum ably was f a i r l y  m ature 
a t  tim e o f in fe c t io n  w ith  v i r u s ,  were sm alle r th an  the corresponding 
le av es  on the  co n tro ls#  This i s  very  e a r ly  evidence of th e  v i r u s - in ­
duced re d u c tio n  in  growth# The slope  v a lu e s  a ls o  show c le a r ly  th a t  
th e  c o r r e la t io n  graph ten d s  to  obscure th e  c u r v i l in e a r i ty .  The slope 
o f th e  re g re s s io n  o f le a v e s  " fo u r"  and "seven" i s  low er th a n  th a t  o f 
th e  in te rm ed ia te  le a v e s .  This means th a t  a t  t h i s  s tag e  leav es " f iv e "  
and " s ix "  had a  l a r g e r  in c re a se  in  w id th  in  r e la t io n  to  le n g th  th an  
le av es  "fou r"  and "sev en ". The p la n ts  were th en  d iv id ed  in to  fo u r 
groups and two groups were t r e a t e d  w ith  GA# Data ob tained  th e  fo llow ­
ing  week a re  p lo t te d  in  f ig s#  13-16# S ince r a t e  o f  l e a f  p roduction  in ­
creased  du rin g  t h i s  p e rio d  and r a te  of l e a f  growth ap p a re n tly  d id  n o t ,  
an a d d i t io m l  l e a f  was measured# T h is p e rm itted  th e  comparison of 
leav es  o f s im ila r  d im ensions, a t  l e a s t  in  the co n tro ls#  The c o r r e l—
«— -*111 h igh  and c u r v i l i n e a r i t y  i s  a l s o  ev id en t in  th e se
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Fig, 16, Correlation of lamina dimensions of five successive leaves of N, tabacum L. cv.
White Burley.
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graphs* I t  can be seen th a t  GA reduced th e  w idth o f  th e  young le av es  
a s  e a r ly  a s  one week a f t e r  th e  f i r s t  trea tm en t*  The second manner o f 
p lo t t in g  ( f ig s *  17 and 18) shows e s s e n t i a l l y  the same p a t te rn  as des­
c r ib e d  above* In  th e  v in is - in f e c te d  m a te r ia l  and in  b o th  sprsg^d groups 
th e  in c lu s io n  o f  l e a f  "e ig h t"  does n o t show a d ec rease  in  slope* T his 
ag a in  c o r r e la te s  w ith  th e  in c re a se d  r a te  o f  l e a f  p roduction  which was 
induced by th e  v a rio u s  trea tm en ts*  Some o ther l e a f  such as "n ine" o r  
" ten "  would p robab ly  have shown vthe le v e lin g  o f f  in  slope* O therw ise 
th e  p a t te r n  i s  th e  same as observed in  th e  c o n tro ls  w ith  the interm ed­
i a t e  le a v e s  showing an in c re a se  in  w idth  in  r e la t io n  to  length*
While th e  above d a ta  were o b ta in ed  by th e  p e r io d ic  measurement 
o f  th e  immediate p roducts o f  th e  shoot apex , i t  was f e l t  t h a t  p o ss ib ly  
some a d d i t io n a l  in fo iro a tio n  m ight be gained  by consecu tive  measurement 
o f  th e  same l e a f  th roughou t i t s  ontogeny* This was done in  Run I I .
In  fig *  19 th e  p e r io d ic  in c re a s e  in  le n g th  and w idth  o f le a f  e ig h t fo r  
th e  v a r io u s  tre a tm e n ts  has been p lo t t e d .  As p re v io u s ly  observed th e  
v iru s - in fe c te d  p la n t  had i t s  l e a f  le n g th  sh a rp ly  reduced (by 30 mm) 
and th e  sp ray  d id  n o t a f f e c t  th is *  The e f f e c t  o f th e  sp ray  on th e  
leav es  o f  th e  h e a lth y  p la n ts  i s  to  make them lo n g e r th a n  th o se  o f  th e  
c o n tro ls ,  a  r e s u l t  of in c re a se d  d u ra tio n  of th e  maximum growth phase* 
This had no t shown up in  th e  p rev io u s  method o f  an a ly s is*  I t  can a lso  
be seen th a t  th e  v iru s —in fe c te d  le a v e s  were slow er to  reach  u ltim a te  
le n g th  as th ey  were s t i l l  growing a t  l e a s t  one week a f t e r  th e  o th e rs  
had matured* A com parison o f  w id th  re v e a ls  a  s l i g h t  d if fe re n c e  ( f iv e  
between th e  w idth  o f th e  sprayed  and unsprayed c o n tro ls  b u t a  la rg e  
d if fe re n c e  (25 mm) between th e  w id th  o f  a l l  th e  v ir u s - in fe c te d  p la n ts
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Fig, 17* Regression of lamina dimensions of five successive leaves (4th-8th youngest)








































Fig. 18, Regression of lamina dimensions of five successive leaves (4th-8th youngest
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of co n tro ls*  The curves f o r  th e  v a r io u s  tre a tm e n ts  a re  
g e n e ra l ly  s im ila r  f o r  b o th  le n g th  and w idth  w ith  th e  exception  o f th e  con­
t r o l  p la n ts  which showed th e  g r e a te s t  in c re a se  in  bo th  le n g th  and w id th  
between day 0 and day  ? • T h is would in d ic a te  t h a t  i n i t i a l l y  th e  le av es  
o f  th e  h e a lth y  unsprayed p la n ts  had th e  h ig h e s t growth r a t e ,  a lthough 
u l t im a te ly  th e  GA—tr e a te d  c o n tro ls  overcame t h i s  e a r ly  spurt*  I t  would 
be w orthw hile to  in v e s t ig a te  f u r th e r  w hether t h i s  im p lie s  a d if fe re n ­
t i a l  e f f e c t  on c e l l  d iv is io n  v ersu s  c e l l  e lo n g a tio n .
L eaf number 16 ( f ig .2 0 )  was a  primordium or s t i l l  p a r t  o f th e  a p ic a l  
m eristem  a t  tim e o f t r e a tm e n t . At m a tu r ity  l e a f  16 o f th e  c o n tro ls  was 
some 40  mm s h o r te r  th a n  l e a f  seven . I t  was a ls o  th e  s h o r te s t  of th e  fo u r  
tre a tm e n t groups# This could  be ex p la in ed  on the b a s is  th a t  a f t e r  a 
c e r ta in  p o in t ,  p ro x im ity  o f l e a f  p o s i t io n  to  th e  in f lo re sc e n c e  decreases 
l e a f  s ize#  Thus one could  expect t h a t  l e a f  number I 6 of th e  c o n tro ls  
would be s h o r te r  th a n  the  same l e a f  on th e  v i ru s - in fe c te d  p la n ts ,  s ince  
th e  co n tro ls  w i l l  f lo w er a f t e r  few er le a v e s  have been formed# Since th e  
c o n tro ls  w i l l  s t i l l  produce seme 13 le a v e s  b e fo re  th e  flow er bud i s  
foim ed, th e  re d u c tio n  in  l e a f  s iz e  a t  t h i s  tim e  may be c o r re la te d  w ith  
th e  e lo n g a tio n  p ro cess  r a th e r  th a n  w ith  flow ering# The leav es  on th e  
sprayed c o n tro ls  were lo n g e r  th a n  th e  unsprayed co n tro ls  which is  a p re ­
d ic ta b le  r e s u l t  o f g ib b e r e l l in  trea tm en t#  L eaf I 6 o f  th e  unsprayed 
v ir u s - in fe c te d  p la n ts  was o n ly  a few m ill im e te rs  longer th an  th a t  o f  th e  
sp ray ed -d iseased  p la n ts#  S ince th e  unsprayed group produced f iv e  a d d i t­
io n a l  le av es  p r io r  to  f lo w erin g  one would expect a  g r e a te r  s iz e  d i f f e r ­
ence between th e  two groups# T his can be ex p la in ed  i f  one assumes th a t  
th e  GA does leng then  th e  v i r u s —in f e c te d  leaves#  This would c o r r e la te  
w ith  th e  red u ctio n  in  w idth  o f  th e  sp rayed  le a v e s ,  a  u su a l response in
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r i c e  a s  shown by I to  and Kimura (1931) and d escrib ed  fo r White B urley  
by Gray (1957)• I t  should be noted th a t  th e  curving  o f th e  l e a f  apex 
to  one s id e , a l s o  d escrib ed  by Gray, was no t observed in  th e se  ex p e ri­
m ents, a l t h o u ^ ,  th e  co n cen tra tio n  o f  GA ap p lied  was f iv e  tim es g re a t­
e r  h e re .  The f a c t  t h a t  a t  t h i s  tim e  th e  v iru s —in fe c te d  p la n ts  had th e  
lo n g e s t (and w id es t)  le a v e s  in d ic a te s  t h a t ,  a lth o u g h , th e  over-all 
a c t io n  of th e  v iru s  i s  to  reduce p la n t s iz e ,  in d iv id u a l organs may a c t ­
u a l ly  reach  a  l a r g e r  s iz e  because o f th e  d e lay  in  reach ing  m aturity*
The growth in  w id th  o f th e  same le av es  i s  a ls o  p resen ted  in  f i g .  20.
I t  can be seen th a t  th e  v iru s - in fe c te d  p la n ts  had w ider leaves th a n  
th e  c o n tro ls .  Narrower th a n  e i th e r  were th e  G A -treated p la n ts .  I t  i s  
known t h a t  one o f  th e  e f f e c t s  o f  sp ray ing  w ith  GA i s  red u c tio n  in  l e a f  
w idth  ( i t o  and Kimura, 1931) and i t  would be in te r e s t in g  to  see w hether 
th e  l a t e r a l  m eristerns a re  invo lved  in  t h i s  e f f e c t .  In  a l l  trea tm en ts  
growth in  le n g th  and w idth  ceased a t  about th e  same tim e . The leav es  
o f  th e  v ir u s - in fe c te d  p la n ts  appeared to  reach  onset o f m a tu rity  a t  
th e  same tim e a lth o u g h  th e  v iru s -d is e a se d  le av es  grew an a d d it io n a l 
week.
As can be seen in  f i g .  21 l e a f  number 23 of the  co n tro ls  i s  the 
s h o r te s t .  S ince th e  c o n tro l  p la n ts  a re  on ly  some s ix  leav es away from 
flo w erin g  one would expect t h i s .  The lo n g e s t le av es  a re  those  of th e  
GA-sprayed p la n ts , w ith  the sprayed v iru s - in fe c te d  leav es  being consid­
e ra b ly  lo n g e r th a n  th e  le a v e s  o f  th e  sprayed c o n tro ls .  In  b o th  groups 
th e se  le a v e s  were formed during  th e  course of trea tm en t ,and  spray ing  
w ith  GA had th e  g r e a te s t  r e l a t iv e  e f f e c t  on them . The s iz e  d if fe re n c e  
between th e  two groups i s  ag a in  accounted f o r  by th e  f a c t  th a t  more
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
—34—
• CONTROL 
© CONTROL + GA 
X VIRUS 













k 70 76 83 9Ô 105 112
DAIS AFTER INITIATION OF EXPERIMENT
127
F ig . 2D. Average le n g th  and w idth o f  l e a f  23  o f  N. tabacum  L. o% 
W hite B u rley .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
—35“
le a v e s  were produced by th e  v i ru s - in fe c te d  p la n t p r io r  to  f lo w erin g . 
P ig . 21 shows th a t  th e  w id est le av e s  were th e  unsprayed v iru s —in f e c t ­
ed o n es . A ll th e  le a v e s  a re  r e l a t i v e l y  narrow  because o f p rox im ity  
t o  th e  flo w er bud; th e  w id est le a v e s  were th o se  which were f u r th e s t  
removed from th e  f lo w e r .
I t  can r e a d i ly  be seen  th a t  any group o f  le a v es  chosen a t  random 
( i . e .  8 ,  1 6 , and 23 in  t h i s  ca se ) cou ld  show d i f f e r in g  r e la t io n s h ip s  
and hence be re s p o n s ib le  f o r  c o n tra d ic to ry  r e p o r ts  in  th e  l i t e r a t u r e .
In g e n e ra l one can say  t h a t  th e  e f f e c t  o f  GA on a  young l e a f  primordium 
o f  V h ite  B urley  Tobacco i s  to  len g th en  and narrow  th e  r e s u l t in g  l e a f .  
In fe c t io n  w ith  v i r u s  in  a  r e l a t i v e l y  m ature l e a f  seemed to  p rev en t th e  
l e a f  from re ^ o n d in g  to  GA, b u t le a v e s  produced d u rin g  th e  co u rse  of 
tre a tm e n t w ith  GA were ab le  t o  respond even though in fe c te d  w ith  SEV. 
Leaves p re se n t on h ea ltîg r  p la n ts  p r io r  t o  sp ray in g  w ith  GA were ab le  
t o  respond w ith  growth in  b o th  le n g th  and w id th  and t h i s  m ight eaqplain 
th e  o b se rv a tio n  o f  Yabuta e t  a l .  0-941) t h a t  th e  l a r g e s t  le a v e s  on 
tobacco  were found on GA-sprayed to b acco  p la n t s ,  a lth o u g h  o v e r - a l l  
s iz e  o f  sprayed le a v e s  i s  s m a lle r .  I t  should be n o te d , how ever, t h a t  
sprayed le a v e s  a re  r e a l l y  lo n g e r ,  though n a rro w er, so t h i s  s ta tem e n t 
i s  n o t q u i te  c o r r e c t  f o r  W hite B u rley  Tobacco. V iru s in f e c t io n  may 
reduce th e  f i n a l  s iz e  o f  le a v e s  a lre a d y  p re se n t a t  tim e o f tre a tm e n t 
b u t u l t im a te ly  may r e s u l t  i n  th e  p ro d u c tio n  o f l a r g e r  le a v e s  a s  com­
pared  t o  th e  same l e a f  number o f  th e  c o n t ro ls .  This i s  due t o  ex ten d ­
ed l e a f  p ro d u c tio n  on th e  p a r t  o f th e  d ise a se d  p la n t s .
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SUMMARY
In fe c t io n  o f  N ico tian a  tabacum L« cv# White B urley  w ith  Severe 
E tch  V irus (SEV) r e s u l te d  in  a re d u c tio n  o f p la n t  h e ig h t which was 
overccmxe to  a l im ite d  degree by  sp ray in g  w ith  g ib b e r e l l ic  a c id  (GA)* 
Spray ing  w ith  GA, w h ile  h as ten in g  m a tu r i ty  in  term s o f  e a r l i e r  e longa­
t io n  and f lo w erin g , a ls o  pro longed  th e  l i f e  o f t r e a te d  p la n ts*  In fe c ­
t io n  w ith  SEV caused an in c re a se d  r a t e  of l e a f  p ro d u c tio n , and s in c e  
flo w erin g  was a l s o  d e lay ed , th e  g r e a te r  number o f  le a v e s  i s  produced 
by in fe c te d  p la n ts*  Spraying w ith  GA a ls o  in c re a se d  th e  r a t e  o f l e a f  
p ro d u c tio n  b u t d id  nob in c re a s e  th e  f i n a l  number of le a v e s  produced* 
A ll groups except th e  unsprayed v i r u s - in f e c te d  p la n ts  shewed a  s p i r t  
in  l e a f  p ro d u c tio n  j u s t  p r io r  to  f lo w e rin g . In d iv id u a l in te rn o d e s  
were measured and a  p a t te r n  of in te r n  ode e lo n g a tio n  obtained* In  gen­
e r a l  t h i s  r e f l e c te d  th e  s tu n t in g  p ro p e r t ie s  o f th e  v iru s  and th e  
growth prom oting p ro p e r t ie s  of th e  GA* In te rn o d es  which were m ature 
a t  tim e of sp ray ing  w ith GA were not a ffe c te d *  In fe c t io n  w ith  v i r u s  
g e n e ra l ly  delayed  e lo n g a tio n  and s h if te d  th e  in te m o d e  p a tte rn *
In fe c t io n  w ith  SEV ten d ed  to  reduce th e  s iz e  o f le a v e s  a lre a d y  
p re se n t p r io r  to  in o c u la t io n ,  b u t  some le a v es  produced a f t e r  in f e c t io n  
were a c tu a l ly  l a r g e r  th a n  th e  same aged l e a f  on th e  c o n tro ls*  Spray­
in g  a  h e a l t ly  p la n t  w ith  GA made o ld e r  le a v e s  lo n g e r  and w id er, w hile  
l e s s  m ature le a v e s  a t  tim e o f tre a tm e n t tended  to  be lo n g e r  and narrow­
er*  Spraying  w ith  GA rev e rse d  th e  re d u c tio n  in  s iz e  caused by th e  
v i r u s  o n ly  i f  th e  l e a f  was a  v e ry  young primordium o r was formed dur­
in g  th e  course o f  tre a tm e n t w ith  GA*
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